The work summarizes the results of a survey on human immunodeficiency virus (HIV) and Mycobacterium tuberculosis (MTB) situation that was undertaken within the frame of the EC FP7 EucoNet project. Updated data on HIV infection, acquired immunodeficiency syndrome (AIDS) and tuberculosis (TB) in South America are presented as well as a state of the art regarding disease management and research activities in 10 countries: Argentina, Brazil, Bolivia, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela. The average HIV prevalence is 0.5-<1.0% in most of the surveyed countries. Lower prevalences are found only in Bolivia, Chile and Ecuador. TB burden is unevenly distributed: Bolivia, Peru and Ecuador bear the highest disease loads (prevalence>140/100,000) whereas Chile, Uruguay and Venezuela bear the lowest (prevalence <25/100,000). HIV prevalence in incident TB cases ranges between 3% and 15% and mortality attributable to HIV/MTB co-infection is <1/100,000. All countries run national HIV/AIDS and TB control programmes with various degrees of efficiency and data availability/reliability. Diagnosis and treatment are free of charge and all countries adhere to diagnosis and treatment standards for TB and HIV/AIDS according to World Health Organisation guidelines. The main weaknesses are related to insufficient involvement of government administrations, poverty-related pockets of HIV/MTB co-infection in urban/suburban settings and lack of interaction between HIV/AIDS and TB programmes. Funds for HIV/AIDS are disproportionally higher than those allocated to TB and there is hardly any investment in the dual infection. Challenges and priority areas for research are presented, as stated by the South American experts at the EucoNet Workshop "Clinical and translational aspects of HIV/MTB co-infection" held in Stellenbosch, South Africa on July 23-24, 2009.
INTRODUCTION
Tuberculosis (TB) kills one third of people living with human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) worldwide. Reciprocally, one out of four TB deaths is related to HIV, a proportion that doubles previously acknowledged estimates. The dual epidemic is largely fuelled by the biological synergy that takes place between both pathogens, HIV and Mycobacterium tuberculosis (MTB), within the infected human hosts [1] . In particular, multidrug resistant (MDR) and extensively drug resistant (XDR) TB pose a grievous challenge to people living with HIV although there is scant knowledge on the magnitude and the mechanisms of such convergence [2] . The fact that MTB infection progresses more rapidly to TB disease in HIV infected people may lead to rapid development of an increasing pool of drug resistant TB patients in settings where MDR TB is prevalent [3] .
South American countries have not been spared of the consequences of the association of these two deadly *Address correspondence to this author at the Consejo Nacional de Investigaciones Científicas y Tecnológicas (CONICET), INEI ANLIS, Velez Sarsfield 563, 1281 Buenos Aires, Argentina; Tel: +54 11 4302 7635; Fax: +54 11 4302 7635; E-mail: vritacco@anlis.gov.ar, vivianaritacco@gmail.com pathogens. The present report describes the situation of HIV/AIDS and TB as well as the state of the art in management and research in South America according to the results of a survey undertaken within the framework of the FP7 EC EUCO-Net project. The report gathers updated epidemiological data on both diseases available from international and national sources together with information on ongoing scientific projects on HIV/AIDS and TB and available biomedical research funding from national and international organisations to South American institutions.
SCOPE Country Focus
Country selection was based on: i) geopolitical, sociocultural, linguistic and scientific links with EUCO-Net coordinators and experts appointed beforehand, ii) accessibility to data and manpower, and iii) reliability of information. A total of 10 out of the 13 South American countries were included in the survey: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela. Other 3 countries are geographically located in South America but have separated historical, linguistic and cultural roots from those 10 and therefore were not included in this survey. The 3 countries that were let aside are Suriname, Guyana and French Guiana. Although these individual countries bear heavy HIV/AIDS loads, altogether contribute with less than 2% of the total population and joint AIDS/TB burden in South America.
Timeframe and Data Sources
At the time of conducting the survey, the most recent data freely accessible from global sources corresponded to 2007 and therefore this year was chosen for demographic and epidemiological analysis in the present report, unless stated otherwise. The main sources of information were assorted World Health Organisation (WHO) documents available on the internet and the national HIV/AIDS and TB programmes of individual countries. In particular, demographic data was mainly obtained from the WHO statistical information system [4] . Epidemiological data on HIV/AIDS was mainly based on the UNAIDS/WHO 2008 Report on the global AIDS epidemic [5] and the official reports of national HIV/AIDS programmes. Data on TB and MDR TB was obtained from the WHO Report on Tuberculosis 2009 [6] and the WHO Multidrug and extensively drug-resistant TB global report on surveillance and response [7] . National programmes provided, whenever available, additional information on disease diagnostics, management and on occurrence of MDR TB and XDR TB in particular countries.
DEMOGRAPHIC ANALYSIS
The combined population of the surveyed South American countries is 382 million. These 10 countries represent less than one third of the 35 countries comprised in the Latin American and Caribbean region but their merged population amounts to 68% of the total estimated population of such region, which makes up 560 million. Table 1 shows disaggregated demographic data, as adapted from the WHO statistical information system [4] .
Overall, there is certain homogeneity in the demographic parameters of the surveyed countries, all with medium-low rates of income per capita and degrees of development. The median age is 28 ys (0-14: 28%; 15-64: 64%; >64: 8%) and the life expectancy at birth is fairly high (73 ys). The 1.3% rate of population increase for the region is in range with the world average. Countries with higher gross income per capita and higher levels of urbanisation like Uruguay, Argentina and Chile also have a correspondingly higher level of life expectation, a lower population growth and a lower proportion of population under 15. On the other hand, countries with the lowest income per capita like Bolivia and Paraguay are the least urbanized, have the highest population annual growth and the lowest median age.
EPIDEMIOLOGICAL ANALYSIS
Core data on HIV/AIDS and tuberculosis rates and treatment are presented in Table 2 .
Epidemiology of HIV/AIDS
The HIV/AIDS pandemic produced a significant impact in the region with an average prevalence of HIV infection above 0.5% in most of the countries included in the survey. The lowest burden (<0.5%) is found in 3 Andean countries: Bolivia, Chile and Ecuador. Health care systems are in general well developed in the region and all countries run National AIDS Control Programmes (NACPs) with various degrees of data availability/reliability and programmatic efficiency. This diversity is clearly exposed by antiretroviral therapy (ART) coverage among people with advanced HIV infections, which is highest in Brazil (95%), Argentina (71%) and Chile (68%) and lowest in Bolivia (18%), Ecuador (24%) and Paraguay (25%). Information on HIV/AIDS epidemic and programme coverage in Chile, Ecuador and Venezuela is particularly poor. Scarce or null information is available on HIV/AIDS treatment success in most countries. Data on the impact of transmitted HIV drug resistance on the AIDS epidemic was made available only for Argentina (6%) and Brazil (8%).
Epidemiology of TB
TB burden is unevenly distributed in the region. Towards the end of the 20th century, the irruption of the HIV/AIDS pandemic arrested the slow but steady declining trend in TB incidence previously observed in the region. All countries run National TB Control Programmes (NTCPs) according to guidelines of the Pan American Health Organization (PAHO). Three Andean countries, namely Bolivia, Peru and Ecuador, bear the highest disease loads (198/100,000, 183/100,000 and 140/100,000, respectively). The lowest rates are found in countries with long-dated, robust and disciplined NTCPs like Chile, Uruguay and Venezuela. Even in these latter countries, TB pockets or "hot spots" are found in vulnerable settings, including overpopulated urban areas, jails, across-border migrant communities and aboriginal communities. Across-border transmission of MTB follows the track of human migration from poorer countries like Bolivia, Peru and Paraguay to those which are more prosperous or provide better TB care like Chile, Argentina and Brazil.
In Uruguay, a long-dated and efficient NTCP database keeps an updated register and trace-back system in real time. Contact tracing is efficiently performed. Systematic interventions in state prisons for TB diagnosis, treatment and follow up have been recently incorporated. In sharp contrast, in Ecuador there is a big gap between TB officially-reported figures and WHO estimates, suggesting substantial TB underreporting.
MDR TB burden is very high in Peru and Ecuador and remains a problem in certain restricted areas of Argentina that underwent HIV-related MDR TB transmission in the nineties. On the other hand, rates of MDR TB are very low in Chile, Uruguay and Venezuela. Information from other countries is less reliable or insufficient. XDR TB cases have been reported in Peru (n: 70), Brazil (n: 47), Argentina (n: 33) and Colombia (n: 3). No XDR TB case has yet been detected in Uruguay, Chile and Venezuela.
HIV/MTB Intersection
In the South American countries included in the survey, prevalence of HIV infection in incident TB cases ranges between 3 and 15% and mortality attributable to HIV/MTB co-infection is lower than 1/100,000.
Argentina counts with fairly strong HIV/AIDS and TB national programmes, highly trained health professionals and high quality laboratory diagnosis. The main weakness in fighting both diseases is related to decade-long socioeconomical decay and lack of involvement of successive government administrations. Various studies in Argentina coincide in reporting that people living with HIV account for around 8% of TB patients.
In Bolivia, the diagnosis and treatment coverage of both diseases is rather low. ART and second-line drugs for MDR TB treatment are not available in the country. Neither HIV/MTB co-infection or TB drug resistance is an important health threat. MTB co-migrates with human hosts across borders towards Northern Chile, Brazil and Argentina. The estimated prevalence of HIV infection in incident TB cases is estimated in 3%.
In Brazil, 59.6% of patients with TB diagnosed in 2007 were tested for HIV, with seropositivity of 14.9%. According to WHO estimates, that year occurred 11,632 TB cases in HIV infected people in Brazil although only 7,334 cases were reported to the country surveillance system. That year, 1,166 deaths were attributed to HIV/MTB co-infection [8] .
In Chile there is a long-dated and robust NTCP but no explicit interaction between TB and HIV/AIDS control strategies. The information on HIV activities is scarce. The HIV/MTB co-infection (estimated from HIV prevalence in incident TB cases) is 4.7%. MDR TB and HIV drug resistance do not pose severe problems.
In Colombia, the prevalence of MTB infection in the general population is estimated in 25% and the total number In Paraguay, the diagnosis and treatment coverage of both diseases, TB and AIDS, is low. ART and second-line drugs for treatment of MDR TB are not available in the country. Patients often seek health care in neighbouring countries, either as migrants or transient patient-visitors. MDR TB and HIV drug resistance as might not be a severe problem but information on the issue is not available. The prevalence of HIV infection in incident TB cases is 10-15%.
Uruguay is a middle income country with a predominantly European rooted population, a very low population growth and a fairly even distribution of income. Both TB and HIV/AIDS programmes perform smoothly according to WHO standards and offer diagnosis and treatment free of charge. Consequently, rates of each disease and co-infection remain under control. Socioeconomic distress and HIV/AIDS epidemic emerging in the late '80s/early '90s hindered the previous trend towards TB elimination. HIV infection prevalence in incident TB cases is 10-15%.
In Venezuela, 418 new cases of AIDS/TB were reported in 2007. Of all incident TB cases, 12% are estimated to be infected with HIV. No information is available on deaths attributable to AIDS/TB. Colombia and Peru are the usual sources of imported HIV and MTB infections.
DIAGNOSIS HIV/AIDS
Country standards and availability of tests for HIV/AIDS diagnosis are presented in Table 3 , as reported by the country experts. In all countries, ELISA tests are routinely conducted for HIV infection. If the first screening has a positive result, the sample is retested to confirm the result. CD4 counts by flow cytometry are available in most countries after HIV diagnosis to define patient's immune status. Viral load determination is used to test ART initiation and to monitor patients on treatment. Reportedly, phenotypic and/or genotypic HIV drug resistance testing is available in Argentina, Brazil, Chile, Colombia, Peru, Uruguay and Venezuela.
Tuberculosis
Country standards and availability of best possible tests for TB diagnosis are summarized in Table 4 .
In all countries, NTCPs abide by standard TB diagnosis and treatment protocols following WHO/PAHO guidelines. According to such guidelines, primary TB diagnosis is largely based on sputum smear microscopy of symptomatic respiratory patients. MTB culture and drug susceptibility testing is only provided in particular cases, as defined in such guidelines. Therefore, diagnostic strategies vary amply, depending on patient age, disease localization and stage, comorbidity, risk of drug resistance, availability of tests, patient mobility, epidemiological environment, etc. Thus, overall diagnostic costs are highly variable. Only two countries, Chile and Uruguay, perform routinely MTB culture and drug susceptibility testing to all cases suspected of having TB.
Costs of TB diagnosis and treatment are covered by the public system. TB cases suspected at the private system level are usually referred to the public system for diagnosis and treatment.
INTER-CULTURAL SENSITIVITIES
Site specific policies, such as blood sample volumes, are not a major issue for clinical and scientific studies. Ethical approval is mandatory for local and international studies including human beings and biological samples. Ethical approval is also mandatory for new usage of biological samples.
Operational obstacles are frequently related with electric failure, transport delays, internet connectivity shortage, etc. The levels of such operational challenges vary from one country to another. Access to certain aboriginal communities may be prevented by geographical obstacles and language barriers in Andean and Amazonian areas.
There are no particular challenges related to deficiency in skills, including clinical, biotechnological and bioengineering expertise. An important deterring issue is related to bureaucratic mismanagement of human and financial resources. Procedures requiring government involvement are slow, inefficient and costly. Overall, there is insufficient political commitment to fight both diseases. The continuity of disease programmes and research activities are vulnerable to political and economical instability.
BIOMEDICAL RESEARCH
The following centres contribute substantially to biomedical research in the area of TB and/or HIV: At the regional level: • CNPq on TB research LATIN AMERICA • MULTITUB on MDR TB transmission surveillance, Cyted IBERO-AMERICA • Natural anti-TB drug discovery, Cyted IBERO-AMERICA All 10 countries in the region are involved, to different extents, in biomedical research on HIV/AIDS and TB. Brazil is largely the major scientific contributor as shown by the number of PubMed indexed publications on these issues [9] . The earliest Brazilian paper on AIDS was published as early as 1985. Still, the research specifically addressing the interaction between both infections is remarkably scarce and represents less than 10% of the whole set ( Table 5 ). 
REMARKS

Facts in General •
The HIV pandemic has hindered the previous slow, but steady, TB decline in the region, even in countries running long-dated TB programmes with excellent performance like Uruguay and Chile.
• All countries in the region adhere to common diagnostic and treatment standards for TB and HIV/AIDS according to WHO/PAHO guidelines. Diagnosis and treatment are free of charge in the whole region.
•
The main weaknesses are related to insufficient involvement of government administrations, to poverty-related pockets of HIV/MTB co-infection in urban/suburban settings and to lack of interaction between HIV/AIDS and TB programmatic interventions.
• TB diagnosis relies widely in AFB smear microscopy, a method with very low sensitivity, particularly in persons living with HIV. 
CONCLUSIONS
As it happens in many other regions in the world, in South American countries HIV/AIDS and TB programmatic actions are seldom coordinated and there is a lack of health personnel trained to manage both diseases [10] . The funds allotted to TB management and research are disproportionally lower than those destined to HIV/AIDS [11] . To counteract the biological synergy HIV/MTB, vigorous coordinated health interventions are required as well as the fostering of biomedical research focused on the dual epidemic at the national and regional level [12] .
